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INTRODUCTION 

This program is concerned with new methods of generating and de- 

tecting far  infrared radiation and with their applications to problems 

of physical interest. 

of the infrared region so that it may become as accessible for scientific 

investigations as the radio and optical portions of the spectrum. 

The over-all purpose is to advance the technology 
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PRESENT STATUS 

I n v e s t i g a t i o n  has  begun with cons ide ra t ion  of t h e  CN r a d i c a l  as t h e  

a c t i v e  spec ie s  of a coherent  i n f r a red  source.  It i s  hoped t h a t  t h e  

s t imu la t ed  emission observed a r i s e s  between states which w i l l  show a n e t  

s h i f t  i n  a magnetic f i e l d  and thus  provide a tunab le  i n f r a r e d  source .  

A number of molecular gases  have shown l a s e r  a c t i o n  i n  t h e  f a r  i n f r a r e d  

r eg ion .  The e f f e c t s  observed with CN w i l l  g ive  some i n d i c a t i o n  of t h e  

p o s s i b i l i t i e s  and problems t o  be expected wi th  o t h e r  gases .  

The l a s e r  l i n e  s ta te  assignments and popula t ion  i’nversion mechanism 

a r e  c u r r e n t l y  be ing  d iscussed  i n  t h e  l i t e r a t u r e .  

l i s h e d  t h e  CN r a d i c a l  as t h e  r a d i a t i n g  spec ie s .  I n  exp la in ing  t h e  e m i s -  

s i o n  a t  337 p, t hey  pointed t o  a t r a n s i t i o n  of t h e  appropr i a t e  energy i n  

2 t h e  e l e c t r o n i c  ground s t a t e  

t h e  r o t a t i o n a l  pe r tu rba t ion  of B2C(0,7) and A n(10,7) as t h e  mechanism 

pe rmi t t i ng  t h e  red  system t r a n s i t i o n  A IT -+X C t o  go as favorably  as t h e  

v i o l e t  B C + X C , t hus  overpopulat ing t h e  X2C(2,8) s ta te .  

Chantry e t  al.,’ e s t a b -  

?C(v = 2 , K = 8 )  -+X C ( 2 , 7 )  . They c i t e d  

2 

2 2 

2 2 

Broida e t  a l . , 2  poin ted  out t h a t  i f  t h i s  i nve r s ion  mechanism were 

c o r r e c t  many o t h e r  i nve r s ions  and inve r s ion  mechanisms would seem l i k e l y .  

They suggested 

2 t h e  B C , v 

t i o n  of t h e  K 

l e v e l s  of X C 

ver s ions  would 

v = 2 band of 

2 

as examples the  K = 4, 11, and 15 per turbed  l e v e l s  of 

= 0 and A 7[ , v = 10 bands; t h e  R branch t r a n s i -  

= 7 per turba t ion ;  and t h e  p e r t u r b a t i o n s  between r o t a t i o n a l  

, v = 11 and A IT , v = 7 . They suggested t h a t  i n -  

2 

2 

be more l i k e l y  

t h e  e l e c t r o n i c  

i n  t h e  v = 0 and 1 bands r a t h e r  t han  t h e  

ground s t a t e .  F i n a l l y ,  t hey  made e s t i m a t e s  

r 
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, 1  '. 

from r a t e  equat ions  which s a i d  t h a t  t he  Chantry mechanism was improbable. 

However, by t h i s  t i m e  Mathias e t  a l . ,  had found o t h e r  weaker l a s e r  

t r a n s i t i o n s  i n  CN systems. 

4 
Ste fan  e t  a l . ,  a t  t h i s  t i m e  u s ing  a 6.4 m l a s e r  tube, r epor t ed  a 

s p l i t t i n g  of t h e  337 p l i n e  plus new emissions i n  cyanic compounds a t  

310, 537, and 538 p. They a t t r i b u t e d  t h e s e  t o  r o t a t i o n a l  t r a n s i t i o n s  

i n  t h e  v = 2 and v = 1 6  bands of t h e  ground s t a t e  on t h e  b a s i s  of 

wavelength coincidence,  and they c i t e d  Broida e t  a l .  ,2 f o r  t h e  inve r -  

s i o n  mechanisms. Then S te fan  e t  a l . , 5  found s t imula ted  emission a t  

724 p i n  ICN f o r  which they  found no wavelength coincidence i n  t h e  ground 

r o t a t i o n a l  l e v e l s .  

Jenkins  e t  a l . ,  by 1.06 em , an amount which d i d  no t  exceed t h e  un- 

By ad jus t ing  t h e  v i b r a t i o n a l  terms of t h e  d a t a  of 

6 -1 

c e r t a i n t y  i n  t h e  v i b r a t i o n a l  term measurement, they  were a b l e  t o  f i n d  

new coincidences i n  wavelength f o r  a l l  t h e  observed l e v e l s .  These new 

assignments were a l l  t r a n s i t i o n s  between e l e c t r o n i c  l e v e l s  a s soc ia t ed  

wi th  t h e  r o t a t i o n a l  pe r tu rba t ion  between X2C , v = 11 and A fi , 2 

v = 7 ; t h e  assignments f a i l e d  t o  account f o r  t h e  observed s p l i t t i n g s .  

Recent ly  S te fan  e t  a l . ,  have'  publ i shed  observa t ion  of another  

l i n e  from ICN a t  676 p and a t h i r d  s e t  of assignments f o r  a l l  t h e  ob- 

served t r a n s i t i o n s ,  claiming t h a t  they  had previous ly  demonstrated t h a t  

t h e  l a s e r  emissions were not  explained by c u r r e n t  t h e o r i e s .  These 

assignments are a l l  t r a n s i t i o n s  from t h e  

a r e  formed almost exc lus ive ly"  t o  

310 p emission and t o  X C 

2 A JI s ta te  i n  which "CN r a d i c a l s  

2 B C i n  t h e  case  of t h e  s t rong  337 and 

2 i n  t h e  case of t h e  f i v e  o t h e r  weaker emissions 

No r o t a t i o n a l l y  per turbed  l e v e l s  are involved.  

of Brown and Broida of s t rong  v i o l e t  t r a n s i t i o n s  f r o m t h e  lower l a s e r  

They c i t e  the observa t ion  

a 
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l e v e l  of t h e  s t r o n g e r  emissions.  Frequency coincidences range from 

-0.07 t o  +0.14 cm-I; ins t rumenta l  accuracy was b e t t e r  than  t h i s .  

mention i s  made of prev ious ly  c i t e d  s m a l l  s p l i t t i n g  a t  337 p and 338 p. 

N o  

The ques t ion  then  of t u n a b i l i t y  i n  a magnetic f i e l d  i s  c l o s e l y  

connectedwith t h e  na tu re  of the energy l e v e l s  involved i n  laser  a c t i o n .  

I f  a l l  t h e  laser t r a n s i t i o n s  occur between r o t a t i o n a l  l e v e l s  of t h e  

ground s t a t e  where s p i n  doubling i s  s m a l l ,  one expec ts  i n  moderate 

f i e l d s  (- 1000 gauss,  depending on K 

s p i n  from t h e  x o t a t i o n a l  angular momentum K . For a l l  K i n  a 'Z 

s t a t e  each r o t a t i o n a l  l e v e l  i s  s p l i t  e f f e c t i v e l y  i n t o  two components 

each having 2K t 1 degeneracy corresponding t o  m = 1/2 . While 

t h e s e  l e v e l s  a r e  known t o  s h i f t  by about 1 cm i n  a 10 k i logauss  f i e l d ,  

t h e  s e l e c t i o n  r u l e s  Am = 0 f o r  t h e  s t r o n g e s t  t r a n s i t i o n s  imply t h a t  

t h e r e  would be no n e t  s h i f t  i n  t h e  l a s e r  t r a n s i t i o n .  I n  low magnetic 

f i e l d s  K i s  coupled t o  t h e  sp in  s o  t h a t  t h e r e  would be a n e t  s h i f t  

corresponding t o :  

) a decoupl ing of t h e  e l e c t r o n i c  

S 

-1 9 

S 

10 

1.001 b 0 H  

J 
- - 

"J=N+ 1/2 

1.001 MpoH 
- _ -  

"'J=N-1/2 J +  1 

2 2 A similar s i t u a t i o n  obkains f o r  any B C - t X  C t r a n s i t i o n ;  t h e s e  bands 

show no magnetic e f f e c t  i n  a magnetic f i e l d  except  near  p e r t u r b a t i o n s  

and except  f o r  double t  narrowing. 
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2 2  For A II + C t r a n s i t i o n s  t h e  s i t u a t i o n  would be q u i t e  d i f f e r e n t ,  

s t a t e s  of t h e  2 
A 5 1 2  t h e  most obvious d i f f e r e n c e  being t h a t  while  

t h i r d  S te fan  e t  a l . , 7  upper l e v e l  l a s e r  t r a n s i t i o n  assignment have only 

a s m a l l  Zeeman s h i f t ,  t h e  lower *Z s t a t e s  would s h i f t  by a l a r g e  amount. 

Thus t h e r e  a r e  i n t e r e s t i n g  p o s s i b i l i t i e s  f o r  a magnet ical ly- tuned 

CN l a s e r .  It i s  c l e a r  t o  us t h a t  f u r t h e r  e l u c i d a t i o n  of t h e  popula t ion  

inve r s ion  and s t imu la t ed  emission k i n e t i c s  i s  d e s i r a b l e .  We w i l l  have 

t h r e e  experimental  approaches t o  t h i s  ques t ion .  F i r s t ,  w e  expect  t o  

have d a t a  on t h e  Zeeman behavior of t h e  l a s e r  emission. Second we w i l l  

be ab le  t o  s tudy a t  o p t i c a l  and i n f r a r e d  f requencies  t h e  time-dependent 

behavior  of l e v e l s  important  t o  proposed l a s e r  e x c i t a t i o n  and r e l a x a t i o n  

mechanisms. Third,  we hope t o  r e so lve  through a bea t  frequency technique 

f i n e  s t r u c t u r e  s p l i t t i n g  i n  the  3 t o  30 MHz reg ion .  

Th i s  program w i l l  r equ i r e  an I R  d e t e c t o r  w i th  a r i s e  t i m e  of 100 nsec 

pe rmi t t i ng  d e t e c t i o n  of d i f f e rence  f r equenc ie s  as l a r g e  as 30 MHz. The 

Tera t ron  mode spacing i s  th ree  t i m e s  t h i s  f requency.  But because of 

mode p u l l i n g  e f f e c t s  of cav i ty  resonance t h e  frequency of o s c i l l a t i o n  

i n  a laser  i s  given by 

f O  f c  + ( f  m - f c )  
C 

Af 

m Af 
Y 

f c  and afC are t h e  cav i ty  frequency and l inewidth ,  and f m where 

and Afm a r e  t h e  molecular t r a n s i t i o n  frequency and l i newid th .  For 

example, two closely-spaced molecular t r a n s i t i o n s  w i l l  y i e l d  l a s e r  

o s c i l l a t i o n s  a t  s l i g h t l y  d i f f e r e n t  f requencies  f o r  t h e  same laser mode 
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number. The difference frequency between these oscillations then yields 

information about the cavity mode and the two molecular transitions. 

Thus it might be possible to study in laser emissions small field Zeeman 

splittings; the hyperfine structure arising from magnetic interactions 

between the electronic angular momenta and the magnetic moment of the 

N nucleus; or spin doubling where the doubling is very small or is 

narrowed during spin uncoupling by the magnetic field. 

Another kind of question is apparent. Studies of He-Ne and Ar 

lasers show a quenching of laser action at kilogauss fields and/or 

high pressures; this quenching is associated with appearance of a ring- 

shaped cross-sectional gain profile and radiation-trapping effects. 

The nature of this effect in the CN system needs to be studied. 

11 

The experimental effort stands as follows. The Teratron cyanide 

laser arrived in October and is being checked out. Design work is 

L7nderway on a pulsed magnetic field of intermediate kilogauss strength; 

as line shifting, quenkhing, and field homogeneity effects are estab- 

lished the advisability of a steady state 10 kG or greater field will 

become clear. The 100-nsec-response IR detector is being acquired. 

Auxiliary equipment needed to resolve temporally the IR inversion kinetics, 

to resolve the laser emission frequencies, and to carry out beat fre- 

quency experiments is being studied. 
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